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Comment on "Search for nonresonant capture in the ' O(a, y ) Ne reaction at low energies"
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The recent results of Hahn et al. on the ' O(a, y) Ne capture reaction are discussed in the light

of a microscopic calculation. We suggest that the S factor at 300 keV proposed by Hahn et al.
should be substantially increased.

In a recent paper, ' Hahn et al. presented new experi-
mental results on the ' O(a, y) Ne capture reaction at
low energies, including the first off-resonance data. This
reaction is very important for testing microscopic models
of a capture by light heavy ions: For closed-shell nuclei,
the basic assumptions of these models are simple and reli-
able and a disagreement with experiment would have
far-reaching consequences. However, the ' O(a, y) Ne
cross section has not been measured until now, since this
reaction plays a minor role in stellar evolution. In this
Comment, we aim to show that the data at the lowest en-

ergy are in fair agreement with our calculation, while the
energy behavior of the off-resonance data might be in
contradiction with theory. In addition, we suggest that
the extrapolated 300 keV S factor proposed in Ref. 1 is
most likely to small. Before discussing the data, we
briefly summarize the present status of theoretical
descriptions of the ' O(a, y ) Ne reaction.

The E2 component of the ' O(a, y) Ne capture reac-
tion is studied microscopically in Refs. 3 and 4. In a mi-
croscopic model antisymrnetrization and good quantum
numbers are treated exactly. The twenty-nucleon
Schrodinger equation is solved by assuming a harmonic-
oscillator closed-shell structure for the a and ' 0 nuclei.
The Ne states are described by an a+' 0 cluster
configuration. This model reproduces the Ne bound
states and narrow resonances of the 0&+ and 0 bands,
and the broad resonances of the 04+ band. However, it
does not provide the Oz+ resonance at 6.73 MeV excita-
tion energy, which lies in the energy range studied in Ref.
1. The Oz+ state is believed to have a dominant a+' 0*
component. The B(E2) in the 0&+ and 0 bands are
fairly well reproduced by the model. The E2 capture
essentially arises from the s wave (because of its lower
Coulomb barrier) to the 2+ excited state of Ne. The
corresponding S factor is denoted in the following as Sz.
The S factor So for capture to the ground state and the
total S factor obtained in Refs. 3 and 4 are displayed in
Fig. 1. We have also studied the "forbidden" El com-
ponent of the cross section by adding a second channel
involving isospin impurities. This component is found
rather small ( —10%) and can be disregarded at the level
of accuracy of the following discussion.

The same reaction has been studied with the ortho-
gonality condition model (OCM), a semimicroscopic
model (i.e., involving an approximate Schrodinger equa-
tion for the relative motion). Some discrepancies between

the microscopic and semirnicroscopic results led us to
perform a detailed comparison of both models with the
following results for the ' O(a, y) Ne reaction: (i) The
OCM leads to an overestimation by about 40% of the
low-energy S factor with respect to the generator coordi-
nate method (GCM) calculation, and (ii) both models pro-
vide the same energy dependence, i.e., the S factor in-

creases slightly with decreasing energies. The larger re-
sults of Ref. 7 are therefore due to the OCM approxima-
tion while, below 1 MeV, the S factor decrease with de-
creasing energies (see the dashed curve in Fig. l) is due to
an insufficiently accurate treatment of the wave functions
at large interdistances (see Fig. 8 and its discussion in
Ref. 4).

The comparison between the cross sections measured

by Hahn et al. and those calculated theoretically is ren-
dered difficult by the lack in the models of the Oz+ reso-
nance located 1.99 MeV above the threshold. This prob-
lem is avoided for the ground-state S factor on which
Hahn et al. focus their comparison with theory. First,
let us rather consider the experimental total S factor at
the three off-resonance energies. Of course, even at these
energies, a non-negligible resonant contribution from the
Oz+ and 3z states is expected, but a meaningful compar-
ison with theory is possible anyhow. The total S factor
So+Sp at 1.7, 2.3, and 2.35 MeV is represented by verti-
cal bars in Fig. 1 and should be compared with the upper
full curve. The 1.7 MeV point is in good agreement with
the microscopic results if one assumes about 50% of reso-
nant contribution as suggested by Fig. 6 of Ref. 1. How-
ever, the results near 2.3 MeV are much smaller than the
theoretical prediction in spite of the fact that the experi-
mental data include a significant contribution of the Oz+

and 3z resonances, which is lacking in the theoretical
value. Moreover, the total S factor (see Fig. l) seems to
show a strong energy dependence between 1.7 and 2.3
MeV. The experimental value at 1.7 MeV is larger by
about a factor of 3 than the values at 2.3 and 2.35 MeV,
whereas the resonant contribution to So+Sz should not
be more important at 1.7 MeV (see Fig. 6 of Ref. l). As
stated in Ref. 1, at the 95% confidence level, the experi-
mental results are not inconsistent with an energy-
independent nonresonant total S factor as large as 2.3
MeVb if one assumes a fully destructive interference
above the Oz+ resonance. However, the S factor towards
the ground state presents (at the l —o level) a correlated
decrease which cannot be explained by an s-wave in-
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terference. The rather large error bars forbid definite
conclusions, but the simultaneous decrease of SQ and

SD +Sp observed at two energies, is puzzling. Although
the data are not inconsistent with an energy-independent
S factor, we think that the 2.3 and 2.35 MeV results
should receive a lower weight in the averaging process.

For ground-state capture, the 1.7 and 2.2 MeV data
points agree very well with our microscopic results. The
OCM results (dashed line) overestimate the S factor, as
expected from the discussion in Ref. 4. The two data
points may indicate that our theoretical cross section is
slightly larger than the experimental one. Single-channel
microscopic calculations often overestimate the capture
cross section, but the closed-shell character of the fusing
nuclei should make this e6'ect rather weak in the present
case. If we start from the average value of the 1.7 and 2.2
MeV points (-0.4 MeV b) and multiply it by the theoret-
ical (S0+S2)/S0 factor (-4.3), the resulting extrapolat-
ed SD+S2 at low energies is then about 1.7 MeVb. Of
course, it is not possible to establish a level of accuracy
for this extrapolation. We think that the value 0.7+0.3
MeVb proposed in Ref. 1 is an underestimation because
it is based on rather conservative assumptions. The au-
thors take account, with equal weight, of three very close
points exhibiting an unrealistic energy dependence and
extrapolate with the incorrect energy behavior of Ref. 7.
With the four-point average SD ——0.26+0.07 MeVb ern-

ployed in Ref. 1 but with our branching ratio and energy
dependence, we would already obtain SD+S2=1.1+0.3
MeV b, a value which in our opinion is probably still too
small.

In summary, the results of Hahn et al. agree nicely
with the fully microscopic approach at 1.7 and 2.2 MeV.
The 2.3 and 2.35 MeV results are, on the contrary, very
puzzling and deserve further experimental attention. On
the theoretical side, microscopic calculations should try
to consistently include the inhuence of the Oz+ state. The
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FIG. 1. ' O(a, y) Ne total S factor (SD+Sz) and S factor for

capture to the ground state (S0). The full curves are the micro-

scopic results of Refs. 3 and 4, and the dashed curve is the OCM
calculation of Ref. 7 for the ground-state contribution. The ex-
perimental data (Ref. 1) are represented by vertical bars (total S
factor) and by circles (ground-state contribution).

nonresonant S factor presented in Ref. 1 might be un-
derestirnated because of the 2.3 and 2.35 MeV data. The
extrapolation presented in Ref. 1 is also biased by inaccu-
racies in the OCM calculation. We think that the 300
keV S factor recommended by Hahn et al. should at
least be multiplied by a factor of 2.

This work was partly supported by the Fonds National
de la Recherche Scientifique.

'K. H. Hahn, K. H. Chang, T. R. Donoghue, and B. W. Filip-
pone, Phys. Rev. C 36, 892 {1987).

28. W. Filippone, Anno. Rev. Nucl. Part. Sci. 36, 717 (1986).
P. Descouvemont and D. Baye, Phys. Lett. 127B, 286 (1983).

4D. Baye and P. Descouvemont, Ann. Phys. (N.Y.) 165, 115

(1985).
5H. Kazama, K. Kato, and H. Tanaka, Prog. Theor. Phys. 71,

215 (1984).
P. Descouvemont and D. Baye, Nucl. Phys. A459, 374 (1986).

7K. Langanke, Z. Phys. 317, 325 (1984).


